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1. 
INTRODUCTION TO THE PROBLEM 
The problem involved in this thesis is definitely of an 
industrial nature in that it deals specifically with waste 
from a plant that is primarily concerned with the manufacture 
of pigment. 
In the manufacture of pigment at this plant essentially 
the flow diagram shown in figure 1 is followed. 1 In the di-
----~-------------------------~------------~----------~------1. Rau, Carl w. and Swartz, Jr., Francis E., Preparation of 
titanium sulfate solutions from ilmenite ores, (to National 
Lead Co.) u.s. 2,416,216, Feb. 18, 194?; Chem. Abs., Vol. 
41, pp. 2543, 194?. 
---~------------------~---------------~---~~~----------------
gestion tank ilmenite ore is digested in 93 per cent sulfuric 
acid with vigorous air agitation until a porous cake results. 
Under proper conditions about 90 per cent of the available ti-
tanium is decomposed. The cake is then leached with dilute 
sulfuric acid to dissolve the titanium and iron as the sulfates. 
The restilting slurry is then diluted with water and maintained 
at a temperature of approximately 60°C with live steam. Iron, 
in lead baskets, is suspended into the air agitated digestion 
mixture to promote solution of the titanium and iron and to 
reduce all of the soluble iron and about 2 per cent of the ti-
tanium. 2 
----------------~-~-~----------~~-~--------------------~-~---2. Farup, P., Reducing solutions containing titanium or iron, 
(to Titan Co., A-S.) German 492,685, May 21, 192?; Chem. 
Abs., Vol. 24, pp. 2416, 1930. 
------------------------~-------------------------------------
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Stripped Flow Diagram of Plant Process 
2. 
3. 
The slurry is then pumped to settling tanks so that the 
undecomposed ore and gangue material may separate from the 
solution. In order to promote settling of the colloidal par-
ticles in the highly viscous solution, antimony sulfide is in-
troduced into the system. 3 
-----~----------~-----~-----~--~---~-~-~~---------------------
3. Krchma, I. J., Recovering titaniwn values contained in resi-
~ues obtained from titaniferous ore solutions, (to E. I. 
uu Pont Nemours and Co.) u.s. 2,280,590, Apr. 21, 1942; 
Chem. Abs., Vol. 36, pp. 545?, 1942. 
Depending upon the solids content of the clarified so-
lution, it may then be pwnped thru Lead Leaf filters and then 
to the precipitation tanks or to the precipitation tanks di-
rectly. The potential pigment is then precipitated in the 
desired form and then sent thru the plant for further treatment. 
The bottoms from the settling tank is then c~t with water 
and sent to a Dorr thickener in order to further separate the 
· ;{". 
soluble iron and titanium from the gangue material. 
From figure 1 it is noted that the plant does have a 
method of recovering the soluble titanium by returning the 
overflow from the Dorr thickener to the digestion tanks to 
dilute (cut) the digestions. However, in the underflow (sewer) 
there is a tremendous amount of sludge that is sent directly 
into the nearest stream because of failure to realize something 
economical to do with it. This sludge contains roughly 30 per 
cent solids of the following analysis': 30 per cent titanium 
dioxide; 1 per cent antimony fall of which ·was added as a co-
agulating agent); 10 per cent ferrous sulfate; 5 per cent 
4. 
sulfuric acid; and gangue material. 
The economic necessity of developing a better method of 
recove.ry is recognized and it should be possible to solve such 
a problem thru plant modifications and operations. 
The following program was organized to study this problem. 
1. First, analyse the feed, overflow and underflow of the 
present recovery system in order to obtain a ~ualitative 
picture of the materials present and at the same time 
develop procedures for rapid, fairly accurate analysis 
for key components. 
2. Second, develop a method of recovering titanium and 
antimony compounds from the so lids by either an improve.d 
method of water classification, flotation, or other 
methods. 
3. And third,- interpret the results obtained and make 
constructive suggestions regarding plant modifications 
and operational changes. 
5. 
REVIEW OF LITERATURE 
A survey of the literature revealed some published data 
and patents concerning the possible utilization of waste from 
a titanium pigment plant in order to operate more economically. 
Brown 4 in describing a plant in Baltimore, Md. presents an 
~~----------~-------~-----~----------~---~----------------~---4. Brown, B. K., Large Scale Titanium Pigment Production based 
on Old Laboratory Process, Chem. Met. Eng., Vol. 35, pp. 
427, 1928. 
---------·----------------------------- .... --------------------------
idea as to the potential loss of titanium dioxide in an acid di-
gestion by stating that from 15 to 20 per cent of the original 
charge is recovered in a Dorr classifier mixed with ore and given 
a subsequent acid treatment. Also indicated in the article was 
a method of recovery of sulfuric acid from the precipitation 
tanks resulting from forced hydrolysis of titanium salts. 
In 1939 Kramer 5 presented an article whereby a method of 
----------------~~------------------------------------~-----~-5. Kramer, E. N., Vlater soluble titanium compounds, (to E. I. 
de Nemours and Co.) u. s. 2,180,951, Nov. 21, 1939; Chem. 
Abs., Vol. 34, pp. 1826, 1940. 
---~--------~----~~-----------------~--~-~--~~----------------
recovery of some titanium dioxide values in the residues from 
the settling tanks was accomplished. It was suggested that 
the residue be treated with about 85 per cent sulfuric acid 
or higher to convert the titanium to the sulfated condition and 
then the resultant solution is utilized in dissolving the ti-
tanium ore. 
6. 
Moran 6 tried a slightly different approach by separating 
6-. Moran, W. G., Stabilizing tito.niferous ores such as ilmenite 
ore, (to National Lead Co.) u.s. 2,278,709, Apr 7, 1942; Chern. 
Abs., Vol. 36, pp . 4794 , 1942 • 
. the undissolved particles of the underflow from t he settling 
tanks from the filtrate, and then forming a free flowing slurry 
by adding spent acid hydrolysis mother li~uor to the particles. 
This mixture \vas then sent to a digestion tank prior to ini ti-
ating the reaction between the acid and the ore. 
Bousquet and Brooks 7 were more specific in the presen-
--------------------~-----------------------------------------7. Bousquet, L. G. and Brooks, M. J., Titanium sulfate, (to 
General Chemical Co.) U.S. 2,326,166, Aug. 16, 1943; Chern. 
Abs., Vol. 38, pp. 622, 1944. 
------------------------------~-------------------------------
tation of data. The suggestion offered was the digestion for 
3 hours at 200 - 300°C of undi~solved particles in the settling 
tank underflov~ v.'i th an excess of sulfuric acid until a cake 
was formed, etc. -- i.e. a repetition of the original ore di-
gestion. 
Rau and Schwartz,8 1947, suggest that 11 mud from the set-
-~------------------------------~-----------------------------8. Rau and Schwartz, op. cit., p. 1 
-------------------------------~-~-------~-~------------------
tling tank be returned to the digestion vessel for a second 
attack, either alone or admixed with f'resh ore." 
The references cited do show relationship to the present 
problem in that they essentially d.eal with the recovery of the 
titaniferous values from the 70 to 90 per cent efficient acid 
digestion. Ho·wever, no material (made available) indicated 
any previous work done on the recovery of the added antimony 




In order to evaluate methods of.separation of titanium 
and antimony compounds a rather comprehensive analysis was 
necessary of all materials related to the problem. 
Three samples of "mudn (shop name for material under 
investigation} were taken at various strategic points in the 
Dorr thickener, so that these samples could be analyzed and 
8. 
the recovery of titanium dioxide calculated for that particular 
day of plant operation. Samples were taken at the feed to 
the thickener, the overflow _from the thickener (which is pre-
sentl~ designated as recovered material), and underflow from 
the thickener (which is termed the se·wer product). The three 
samples will hereafter be termed Feed, Overflow and Underflow, 
respectively. · 
All three samples were very strongly acid (pH=l.5), with 
about 15 per cent ~olids in the Feed, 0.25 per cent in the Over-
flow and 30 per_cent in the Underflow. 
Each of the three samples were then separated into a 
filtrate and a residue by means of vacuwn. filtration. Then 
a chemical analysis for the principal constituents was made 
on _each product. The densities of the filtrates were all about 
1.1 gram per liter; however, it was observed that upon standing 
9. 
a licht flocculerit precipitate developed indicating hydrolysis 
o:f titaniwn sulfate as rep:cesented by the :follov;ing equation. 
The f'iltrates in each case · '\Vere analyzed for iron-2·, 
iron-3, titani~1-3, titanium-4, total arsenic, total antiDony, 
calcium, magnesium and sulfate. 
Im.mediately it "\Vas noted that none of' the samples had any 
reduced titanium present in solution at this stage. This is 
readily explained since titanium-3 is oxidized to titanium-4 
. 
by the air in the Mud Washing System. The absence or reduced 
titanium V.Jas determined by the :t'ollov,;ing type of' analysis. 
First the sample was titrated with potassium permanganate 
to oxidi'ze reduced iron and titanium as illustrated by the 
follOV·Iing equations·. Then another sample was air agitated 
lOFeS04 + 2~Jn04 + 8H2S04 = 5Fe2(S04)3 + 2MnS04 + K2S04 + SH20 
5Ti2(S04)3 +·2KMn04 + 8H2S04 = lOTi(S04)2 + 2MnS04 + K2S04 + 8H20 
for several lllinutes to oxidize ti tanium.-3 to titanium.-4 and 
titrated ·with potassiwu permanganate. The tit;cation values 
were the same in each case; ~herefore, there was no reduced ti-
tanium in the filtrates. 
The filtrates were further analyzed and the results tabu-
lated in table A. The following comments may be made regarding 
table A to indicate the type of' analysis perforrue<i and the ac-
curacy of' the results. 
In line 2, the total titanium present was :round by the fol-
lov:inc method. The titanium.-4 and iron-3 \Vere reduced by means 
10. 
TABLE A 
.Analysis of Filtrates 
Analysis Feed Underflow Overflow 
per cent per cent per cent 
1. Ti-3 o.oo o.oo o.oo 
2. Ti02 2.56 0.36 2.63 
3. Fe-2 3.04 2.88 . 2. 75 
4. Fe-3 0.19 0.29 0.19 
5. As o.oo o.oo o.oo 
Q. Sb o.oo o.oo o.oo 
7. Ca o.o7 0.14 not analysed 
·a. lvlg 0.16 0.22 II 
9. 304 13.57 12.87 n 
10. combined 
S04, 12.94 ?.81 " 
11. tot-al Fe 3.18 3.13 
" 
12. R20a 
{ grav.) 7.11 4.94 .. 
13. RaOa 
(2+3+4) 7.19 4.89 n 
of an Alwminmn Reduction System as set up in ~igure 2. The 
-reactions occurring were: 
3HC1 + Al ---- 3(H) + AlC1 3 and, 
2(H) + Fe+ 3 + Ti+4 = Fe+2 + Ti+ 3 + 2:a+ 
11. 
An inert atmosphere of' carbon dioxide was rnaintained over the 
sample by means of the apparatus illustrated. The following 
reaction takes place when- sorne of' the solution in the TRAP is 
sucked in the , SAiv1PLE. The reduced titaniu..-rn was then titrated 
2NaHCOs + H2S04 = Na2S04 + 2H20 + 2002 
vvith ferric -sulfate and calculated- as :per cent titanium dioxide. 
The iron-2 is not oxidized by the ferric sulfate solution. 
In line 4, the iron-3 was obtained by a difference calcu-
lation. The same apparatus as illustrated by figure 2 was 
used. - Aliquots were titrated with potassium permanganate and 
_ferric su.lfate. Since permanganate oxidizes both titanium-3 
and iron-2 while :ferric sulfate oxidizes only titanium-3 it was 
possible to calculate both titanium dioxide and total iron in 
the same sample. 
The total iron was checked by the Rhinehardt-Zimmerman 
method {line _ll) and the results agreed ~avorably with the pre-
ceeding _method. 
A gravin1etric R2 0 3 analysis was run and the result was 
comparable to those obtained by calculating the total iron and 
total titanium to the oxide foTnls ( Fe 2 0a and Ti02); therefore, 
indicating the absence of any other radicals o:f t~e R20s group 
in the filtrate. 
12. 
R•~ 
TRAP 51-\ lvf PL E 
FIGURE 2 
The Alurninum Reduction Sys tern 
13. 
Rows 5 and 6 indicate that no antimony or arsenic was 
present in any of the filtrates this conclusion was reached 
when a negative test was obtained on treatment of the filtrates 
with HzS. 2SbC13 + 3HzS = Sb2 Sa.+ 6HC1 
2AsC13 + 3HzS = AszSa + 6HC1 
Rows 7 and 8 indicate that calcium-2 and magnesium-2 were 
-present in the filtrates in small but measureable quantities. 
The calcium -vvas determined by precipitating as calcium oxalate 
and titrating with potassium permanganate, and the magnesium 
CaClz + (rJF4)2C204 = 2NI4Cl + CaCz04 
8H2S04 + 5CaCz04 + 2IDVill04 = lOCOz + KzS04 + 2~ill1S04 + ?HzO + 5CaS04 
was determined by precipitating as magnesium arrunonium phosphate 
and igniting the prec-ipitate to magnesium pyrophosphate. 
MgClz + Nazl\JF.t4P04 = MgN£4P04 + 2NaCl 
The total sulfate present (row 9} vJas determined gravi-
metrically by precipitating as barium sulfate. 
-2 -1 BaClz + S04 = BaS04 + 2Cl 
The filtrates were distinctly acid, and since only sulfuric 
acid was used in the plhnt process all of the metallic ions 
present were calculated as sulfates. The results in row 10 
represent the combined sulfates. The excess sulfate in each 
filtrate was obtained by subtracting 10 from 9. The uifference 
represents the free sulfuric acid in the solution. 
Examination of table A reveals that the only radical changes 
from column to colwnn is that the UnderflovJ titanium dioxide is 
. 14. 
0.36 per cent compared to 2.56 per cent and 2.63 per cent ti-· 
taniUill dioxide for the Feed and Overflow, respectively, and the 
free sulfuric acid present is 5.06 per cent in the Underflow 
as compared to 0.63 per cent in the Feed. Therefore, it seems 
reasonable to asswne that during the time the solution passes 
through _the Dorr thickener the following type of hydrolysis 
reaction occurs (compare to information, page 9). 
Ti(S04)2 + 4H20 -~-- Ti(OH)4 + 2HzS04 
The titanium in solution hydrolyses in the thickener resulting 
~n - a decided increase in acid concentration as well as a pre-
cipitation of titanium salts from solution. This loss of hy-
drated titanium from solution is riot recovered as the plant is 
operated. 
The analysis of the filtrates of the Feed, Underflow and 
Overflow ~am.ples are extensive enough to be used to guide 
.. 
further work on the -problem. There are other elements present 
in small _ ambWlts, and definitely tra-ces of organic material 
ac-cumulated thru the concentration of the ilmenite ore by flo-
tation, but for the p·resent they will not be taken into account. 
The residues or suspend~d matter in the Feed, Underflow 
and 0'1{erflov.J _were analyzed • . The results obtained were not as 
consistent as could be desired for the following reasons. 
-1. A homogeneous san1ple was diff'icult to obtain VJith any 
fair degr~e of consistency, because o:r variation in sett-
ling rate of the suspended particles. 
2. The methods of analysis used for determining calcium-2 
and magnesium-2 were not too suitable considering the small 
quantities ·of these elements present. 
15. 
The usual methods of analysis ·were employed as used in 
the plant ~rom v;hich the residues were obtained with but few 
exceptions. The residues analyzed were obtained by filtration, 
with no washings of any sort. The residues were dried at 130°0 
before analysis. 
In general the following procedures were used and the re-
results obtained are listed in table B. 
The residue of the Feed, Underflow and Overflow was de-
composed as completely as possible by digestion in a sodium 
sulf"ate-sul~uric acid mixture. The filtrates v11ere then ana-
1yzed f"or total iron,. total titanium, arsenic, antimony, cal-
cium, magnesium and R2 0 3 • The undecom:posed m.aterial 11vas dried 
and ~used in sodium peroxide v11ith the result that all of the 
material was soluble. in dilute acid. -This soiu~ion was then 
analyzed f"or silicon dioxide, titani-um, iron, calcium, .mag-
nesium, zirconium, phosphorous and aluminum. There were pos-
sibly other elements present in sma11 ·amounts but only those 
· in quantities approximating 1 per cent or more were deter.mined. 
The reason that some of the above constituents were de-
ter.mined or assumed to be present was due to the results ob-
tained by a petrographic examinationS of the heavier particles 
---~~-~-~-~~--~~----~-~-~~~--~--~~----~~-~~~-~~---------~--~~-
9. Petrographic analysis thru the courtesy of M. P. Nackowskii 
of the Missouri School. of :Mines. 
--------.~-----..,-.... --..-.-------------- ... ------------------------.-.--... -------~ 
in the residue. Table c presents qualitatively the compounds 
Analysis 
1. Loss on Igni~. 
3. total Fe 
4. Sb and As 
5. R20a (grav.) 









































































present in the heavy residue. They are listed in decreasing 
order of their occurance. 
In addition it was noted ·that the material had a slight 
magnetic susce:ptability and gave a n_slight to negligible11 count 
· on a Geiger Counter. 
Table B supplies the general chemical analysis of the con-
stituents in the residues. It shows that there was little 
difference between the composition of the Feed and Underflow 
_residues. The suspended:matter in the Feed passed thru the 
Dorr thickener without any appreciable change in percentage 
composition. 
Row 1 is the loss on ignition. It v;as the result of heat-
ing a sample pr~viously dried at 130°0 to the full temperature 
· ·or _ a Fischer burner · until constant weight was ·obtained. This 
represents all of the volatile matter contained in the sample, 
_or to be specific, .it is essentially~ater, carbon dioxide, 
organic matter and other constituents Vihich are volatile at 
temperatures approximating 960°0 to l000°C. 
The results of the sodium aci6. sulfate fusion are shown 
in rows 2 to 8. The titanium dioxide and iron vresent can 
be analyzed ~uite accurately by the titrations previously de-
scribed. In order to detect the presence of other radicals of 
the R20a group a gravimetric -analysis v~·as run (row 5). The sum 
of the titanium and iron calculated. to their respective oxides 
checked closely the · R2 0 3 present; therefore, little aluminum, 
zirconium or phosphorous containing ores decomposed in the 
sodium acid sulfate fusion. 
18. 
TABLE C 
Petrographic Analysis o~ Heavy -Residue after Plant Digestion 
o~ Titanium Ore with Sulfuric Acid 
M~inerals Present 
















a. The above minerals are ~resh (unaltered}, and angular 
(have not undergone solution). 
b. A white finely divided precip~tate or alteration product 
covers a few opaque grains. 
19. 
The antimony was determined by the titration with potassium 
per.manganate in a strong hydrochloric acid solution as indicated 
by the following equation. Both antin1ony and arsenic are re-
5SbCla + 2IGfm04 + loHCl = 5SbCl5 + 2KC1 + 2W~Cl.2 + 8H2 0 
ported as antimony unless othe~wise specified, since the ratio 
of arsenic to antimony in the stibnox· added as a coagulant bears _ 
a ratio of about 1 to 40 (1.9 per cent arsenic, 74.6 per ceht 
antimony). It can be concluded ·that anti1nony is present in the 
Feed and Under:flovv residues in . quantities approximating 1 :per 
cent .( rov·l 4). 
The residue o:r a pyrosul:fate f usion \vas entirely decem-
posible in a sodilllll :peroxide :rusion. The analysis confirn1ed 
the presence of zirconiwn, as \Vell as the :fact that som.e of' the 
titanium and iron v.1as present in a rorrn insoluble in sodiwn 
acid sulfate. 
The only nevi analyses encountered in table B ·were that of 
the phosphorous pentoxide and zirconium dioxide in .the R20s 
residue. 
. . 
The phosphorous pentoxide was detern1ined via a gravirnetric 
analysis, first separating it as the phosphomolybdate with Tioods 
Reagent, then dissolvi~e the precipitate in ammonium hydroxide 
and precipitating the phosphate radical 1/Jith :Magnesia I\;1ixture 
( l\ffi4) sP04 + MgCl2 + NB40H = l:fgN14P04 + 2l~H4Cl 
and finally igni·ting the magnesium ammonium phosphate precipi-
tate to constant weight. 
20. 
The analysis of the zirconium oxide was also of the gravi-
metric type -- essentially consisting of the addition of diam-
monium acid phosphate to a zirconium, iron, titanium. m-ixture 
in 10 per cent sulfuric acid solution containing hydrogen per-
oxide in order to precipitate zirconyl hydrogen phosphate. The 
precipitate was then ignited and weighed as zirconium pyro-
phosphate.lO 
-~---~------~-~~-~-----------~~-~~---~---~-----~-~-~~----~~---
10. \Villard, H. H. and Diehl, H., Advanced quantitative analy-
sis. 5th Ed., n. y., Van Nostrand, 1950. pp. 321. · 
It was thought that a better picture of the analysis could 
be obtained if all constituents were calculated to the same 
basis. Therefore since a sulfuric acid digestion was used for 
decomposition, a11 the me·tal1ic ions in the filtrate ·were cal-
culated as sulfates, while the constituents in the residue were 
reported in the conventional form -- their oxides. The results 
of these calculations from table A and B are combined and pre-
sented in table D. 
No attempt was made to completely analyze any one or the 
products. Onl.y those constituents vvere deter-mined ·which ap-
peared to have a vital bearing upon the thesis. These constitu-
ents ·vvere titaniwn, iron and antimony. They \:.Jere determined, 
·tabu1ated and studied to get a olea~ picture o~ the materials 
~der observation, as well. as ideas ror organizing the research. 
During the first phase of the experimental work, in addition 
to obtaining the analysis around the Dorr thickener, a good 


























Analysis per cent 
LOI 15.04 
.. ~ Ti02 . 31.69 
·Fe20a 11.17 
.Sb203 1.28 
CaO . o.oa 
MgO app. 0.1 .. 
Si02 26.85 
Ti02 1.20 
. Fe20a 1.23 
Zr02 . 0.95 
P205 trace 
.A:l203 2.18 
.· ca.o 2.54 













































· TABLE D Residue 
Filtrate and Analysis per cent 
Residue Analysis 
LOI 15.36 
Calculated to a Ti02 31.00 
Fe20a 9.95 
Common Basis Sb203 1.14 
CaO appo 0.1 
MgO app. 0.1 







IvTgO 1. 61 
22. 
seeking this type of analysis a certain amount of accuracy was 
sacrificed for an iftcrease in speed. . The control analysis 
was desired so that the e:r~iciency or adaptability of a certain 
unit operation could be evalued quickly and accurately. 
It v1as thought a possibility to filter off the antintony 
that -vvas throvJn out of: solution during the aluruinum reduction 
(see figure 2, page 12) and then analyze the residue for anti-
mony and the filtrate for iron or titanium. This method gave 
consistent results for iron and titanium, but irratic results 
for the antimony. 
A potentiometric titration of the tri-component system 
was performed similar to the bi-metallic iron-titaniwu system. 11 
11. Shippy, B. A., De~erm.ination . ·or titanium and iron, Anal. 
Chem. , Vol. 21, pp." 698-9, 1949. · 
------~~--------~----~~----~--~~--~~~~-~~---~~----------------
However unsatisfactory results ·were obtained due tp, the :fact 
that titaniwm and antimony have very nearly the same oxidation 
potentia1s. 
The 1nethod finally resorted to and VJhich was used in all 
subsequent analysis \vas the digestion of a sample in sodiwu 
acid sulfate, diluting to an exact volwne, and then pipett~ing 
of'f aliquot portions for iron, titanium and antimony analysis. 
23. 
FLOT.tlTION 
·The next phases of the research dealt with the separation 
of titanium and antimony compounds fro1u the gangue ru.aterials. 
Flotation ·was one .of the ruethods -used. 
The method of concentration by flotation was originally 
. adapted for ores. 12 Since that ti1ne however it has spread to 
--------- ... ----------------- ,__ ----- ._ ____ ,....--,..- .... ------~------------ .... _ -~--
12. Gaudin, A. M~, Flotation. N. Y. and London~ Ili:cGraw~Hill, 
.. 1932. 552 p. 
1nany fields; princ_ipally, to those :tields where tlle particles 
are granular and discreet and whose surfaces are clean. By 
meeting these requirements the particles, theref'ore, are more 
susceptible to attack by the reagents added. 
The slurry to·the Dorr thickener was· treated with various 
reagents in an attempt to select.ively float the precipitated 
. ' 
titanium a~d antimony compounds from the iron compounds and 
gangue material. ·The flotation cell used 1i'Jas of the batch type 
recomm.ende6. by the u. s. Bureau of !.tiines. A labeled diagrrun 
of the oell, which is of 900 ml capacity and of constant air 
agitation and stirring rate, is shown on the follovJing page. 
The :first set o:r experiruents run was on the rav'l feed vvith 
no reagents added, table E. Each flotation run (unless other-
wise specified) consisted of taking a 900 n1l sample, adding 
reagents, if any, agitating fer 3 minutes, and collecting the 
concentrate for 20 Iilinutes. All concentrates and tails v-:ere 
24. 
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The Laboratory Flotation Cell 
25. 
dried at 130°C rather than the conventional 1200°0 before an 
analysis was run. This fact led to so:me discrepencies in com-
paring related results, but it did not effect the conclusions 
drawn from the results. 
The effect of increased air a g itation on the raw feed and 
the effect produced v;hen the cell VJas run as a continuous flow 
piece of equipment by the ·constant addition of water are also 
shown in table E. In the calculation of recovery in table E 
and throughout this report it was assumed that the concentrate 
and tails contained all of the solids present in the system; 
therefore, eliminating the necessity of using the irratic feed 
data in calculations. 
The next step was the ad~ition of frothers or additive 
reagents to the raw feed smuple illustrated in line 1, table E 
to note the effect produced on the titanium dioxide recovery • 
. . '
Flotation is a surface phenomenon and it is thought by many 
students of flotation that collectors used in flotation attach. 
themselves to the surface of rnaterials uue to compound formation.l3 
13. The Dow Chemical Cm~any, Great Tiestern Division, Flotation 
fundamentals. 2nd Ed., Copy. 1947. 54 p. 
-------------~~------------~---------------------~-~----------
Since titaniQ~ is or chief interest in this problem reagents 
1vere added v.;hich exhibit a · selective a:ff'i.ni ty for this elernent 




Flotation ofRaw Feed with No Added Reagents 
Sample Treatm.ent Concentrate Tails Recovery 
per cent per cent per cent 
gram TiO? Fe gram 'rio? Fe Solids Ti02 
1. no reagents 30.2 -52.3 3.9 74. _2 38.3 6.1 28.9 35.7 
added 
2. no reagents 44.2 52.2 3.6 69.2 38.6 4.5 39.0 46.4 
added+(?} inc. 
in air agitation 
3. no reagents + 48.2 51.3 3.7 58.2 ~5.8 5.5 45.3 54.3 
added (?) amt. . . 
make-up water 
Feed analyzed 39.3 per cent Ti02 and 7.45 :pe-r cent Fe 
27. 
In table F, Tide, a detergent, was ad<led to function as 
a frother, while the 8-hydroxquinoline and cupferon (an am-
monium salt of nitrosophylhydroxylamine} were used as collectors. 
Tide was used as a frother in many of the experiments, even 
though it decreased the titanium dioxide recovery, because it 
produced a stable well defined froth in the highly acid so-
lution. In a previous determination it -was noted t~at by using 
Tide as a frother the antimony was concentrated_ from 0.92 per 
cent in the feed to 3.36 per cent in the concentrate from the 
cell. 
Other systems were attempted using various and sundry 
combinations of reagents, but ·with negative results or else 
results which were not as acceptable as those obtained with 
cupferon. Such commercial frothersas .American Cyanamids 
frothers No.77, No.70, B-23, Aerofloat 33, Cresylic acid, Pine 
Oil as well as Dresinates and similar reagents all yielded 
negative· results in the high ·acid concentration slurry. 
A few more analysis indicating the type of work done on 
the system is shown in table ·G. In the table (run+) an anti-
mony material qalance .was ·made to discover where the antimony 
was concentrated. Sixty-four (64) per cent of the antimony was 
recovered, with approximately 75 per cent of that value being 
in the cupferon fraction and the remaind~r in the Tide fraction • 
. on interpretation of this table it was finally concluded 







I per dent gram Ti0 2 Fe 
Tailings 
l per cent gram Ti0 2 Fe 
. 7.3 55.6 . 4.8 69.6 39.7 4.2 
2. Tide 8-hydrox- 8.5 55.0 3.4 68.7 38.5 4.8 
yqqinoline 








'' Feed analyzed 39.6 per cent Ti02 and 4.7 per cent Fe 
29. 
TABLE G 
The Cupferon Flotatio~ System 
Sample Treatment Concentrate Tailings Recovery 
1 
per cent 
gram I per cent per cent· . gram Ti02 Fe Ti02 ~ Solids TiOa 
5 m1 17~ Cupferon 15.5 55.4 3.7 85.-6 40.9 5.1 15.3 19.? 
and 5m1 2 4'.-;' • ;'v Tide 
10 m.1 1% Cupf'eron 28.2 54.0 3.0 80.5 33.3 4.5 25.9 36.2 
5ml 1~0 Cupferon 29.4 53.9 3.5 75.6 - 37.6 4.6 28.0 . 35.8 
Dif:ferent Feed 
5 ml l)~ Cupf'eron 32.0 51.6 4.5 82.4 36.0 5.1 . 28.0 35.8 
, ' 
2ml 1v:;~ I" Cupferon 31.1 50.2 5.0 83.5 36.1 5.6 ~7 .1 34.1 
+1 m1 1~-~ Cupferon 21.8 52.1 5.0 19.3 25.3 
85.4 35.4 5.3 
and -5inl 2.47{; Tide 6.0 55.1 3.9 5.3 7.4 
at 10 minutes 
no reagents a6.ded 30.2 52.3 3.9 ?4.2 38.3 6.1 28.9 35.7 
(see rrable E) 
30. 
that agitation or the Feed with no reagents yielded as good or 
better results than a similar sample after being -conditioned. 
The net effect of reagent addition seemed to be a depression 
of a froth rather than the foTI1ation of one, and the success 
or failure or a frothe~ depended upon· lack · of effect on the 
Feed sample. 
Therefore the second phas~ of the experimental work was 
completed with the results being negative. The titaniun1 dioxide 
and antimony ·vvas concentrated in the flotation cell, but not 
due to any surface phenomenon. The length of time req_uired to 
produce such a concentration made this approach to the problem 
impractical. Observations together with the tables presented · 
indicate that a sliming process or a method of water classifi-
cation ~ould be a suitable method for use in the study of this 
problem. 
31. 
Primary analysis of the ncut" feed from the Dorr thick-
ener indicated that the sample should be susceptible to a 
type of classification, because after vigorous agitation and 
standing it would settle in separate layers. Heavy black 
material would settle to the bottom almost instantaneously which 
would then be followed by successive layers of gray lliaterial, 
white material, and finally the clear supernatant or mother 
liq_uor. The black particles ·were essentially undecomposed 
ilmenite ore, gangue and siliceous material (see table c, page 
18); the v~hite layer, hydrolysed titanium and antimony com-
pounds; and the gray layer a finely divided mixture of the 
various components in the c.ut feed. The mother liquor was 
essentially iron and titanium in solution as the sulfates. 
These successive layers represented separation of.~he 
material due to differences in density and pari:iicle size. 
Since the density of hyd~olysed titanium salts is less than 
that of undecomposed ore, it v~ould rise to the surface ·during 
a particular water classification analysis whereas the ore 
would sink; resulting in a separation. Furthermore, it was 
postulated that the antimony vvas present as a flocculent ma-
terial and therefore it too would rise to the surface. The 
net result would be a separation of the· hydrolysed titanium 
and antimony salts from the gangl:le material when the proper 
rate of classification was determined. 
s~mple 
Gla5S Cyf,·nJer-__ -i• .. • 
D:t4,eier -1.3i' 
L t 113 f s, - .l 'S '' 
2 j-() ,J! £rf~,.,.,e Vt~'" 
Flash 
FIGURE 4 
The Laboratory Classifier 
32. 
33. 
The classifier used was of the laboratory type diagramed 
in figure 4. It is a continuous flow type that gives valu-
able laboratory data which may be used in designing industrial 
classification equipment. 
The sample to_be analyzed was dumped into the classifier 
at point A when the water level reached point B. The parti-
cles that had a do"t..vnward velocit)' greater than the upward ve-
locity of the water would settle as the tails. If the down-
ward component was less than the upward component of water 
then the particle would be carried into the overflow. 
A 250 ml sample was tal(en as standard for analysis with 
the ·water rate varied for each run. The conc:entrate and tails 
were .weighed and a~alyzed to note the recovery for each oper-
ation. The data of these experiments are shown in table H 
v:i th a plot of the same data in graph A. 
'' 
From table H it is seen that a complete separation was 
not obtained in a reasonable length of time. The overflow 
not only contained hydrolysed titanium and antimony salts but 
also gangue and ore material indicated by the analysis and 
silica content. Therefore there was some dense but very small 
particles of ~~decomposed ore that made its way into the over-
flow. The antimony was over 98 per cent recovered in the con-
centrate at all of the flovv rates studied; whereas, the titanium 
dioxide recovered varied \Vi th the rates of flow. 
34. 
TABLE H 
Effect of \';·ater Rate on Separation of Titaniwu and · 
Antimony Co1upounds fron1 Gangue :Material 
Rate Time Overflow Tails Overflow (per cent) 
ml/sec min gram gram Solids TiOz Sb SiOz 
0.40 164.20 18.10 15.76 53.4 54,1 1.57 18.2 
1.35 24.75 17.32 9.20 65.3 44.4 1.28 36.8 
2.22 12.90 24.07 5.25 82.1 44.0 
3. 97 9. 70 23.97 3,35 87.7 42.3 -0.93 33.7 
5.71 6.15 31.21 . 1.84 84.4 43.0 
9.41 3.00 no separation 100.0 
Tails (per cent) Recovery (per ceHt) 
TiOz Sb SiOz TiOz at TiOz at Sb 
130° 1200° 
0,40 30.4 0.40 23.7 6?.1 72.1 98.8 
1.35 28.6 0.45 26.5 74.5 79.1 98.2 
2.22 28.3 8?.4 
3.97 27.? 0.42 23.5 91.6 96.1 99.4 
5.71 29.3 96.1 
all data at 130°C except as indic.ated 
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TABLE I 
Change in Overflow Composition with Time 
Collection Tirrre OverflovJ Ti02 Sb Recovery (per cent) 
initial final gram per cent Solids TiO~ Sb 
O' 3' 26.24 43.8 1.02 65.9 ·76. 2 75.5 
3' 6' 7.69 28.7 1.01 19.3 14.7 22.0 
6' gT4orr 1.24 22.1 0.76 3.1 1.8 2.5 
tails 4.66 23.9 
all data at 130°0 
The rate of separation was studied by varying the time inter-
val for collecting the concentrates. The data collected was 
asse1nbled in table I. The \Vater rate for this series was 3. 97 
ml per second. 
The preceeding analysis was repeated with all factors field 
constant except.the time for collecting the concentrate. The 
analYtical results were all calculated to a loss on ignition 
basis of 1200°0, since drying at l30°C did not give checking 
results. 
Table J" indicates that there was no abrupt change in com-
position v..ri th time, as is shown by table I, but rather there 
is a gradual decreasing amount of titaniwn dioxide in the over-
flow with time as classification proceeds. Fractionating times 
of different analyses on the s&ue feed sample are illustrated by 
nan and "bn under Time Interval of table J. 
37. 
T.ABLE J 
Classi~ication Results Compared on a l30°C and 1200°C Basis 
Time Interval Ti0 2 Recovery (per cent) 
a b 130°C 1200°C 
initial :final initial :final a b a b 
O' 1' 35.2 54.? 
1' 2' 37.5 50.9 
2' 3' 37.6 50.6 
o' 3' 43.8 52.1 
3' 6' 28.7 46.8 
6' 9'4on 22.1 lost 
3' 9'40" 41.2 44.4 
tails 25.1 31.8 
tails 23.9 lost 
38. 
The ex-periments to date show tha.t there was a definite 
concentration of titanium and antimony by means of water class-
ification. The next experiments were made to determine the 
solubility o~ these concentrates in various concentrations or 
sulfuric acid. 
The concentrates of a run similar to those described in 
tables I and J (rate = 1.35 ml per sec) were taken for analysis. 
It was a 28 minute run divided into 3 fractions; two 5 minute 
fractions analyzing 62.60 per cent and 61.52 per cent titanium 
dioxide, res:pect:l.vely, and an 18 minute fraction analyzing 
56.70 per cent. rrhe tails analyzed 30.16 per cent titanium 
dioxide. 
These residues were then ref'luxed for l 1/2 hours in 
various concentrations of sulfuric acid and the per cent of' 
titanium dioxide that dissolved was detennined. The result 
. '
of this analysis is tabulated in table K on the following page. 
It is observed fron1 graph B, a plot of' table. K, that the 
increase in percentage titanium dioxide with increase in ac;id 
concentration is essentially a linear function, therefore, e-
liminating th~ possibility of separating the hydroly~ed ti-
tanium dioxide from that in the ore by differential solution 
in sulfuric acid. 
In the 93 per cent acid digestion .there was a noted de-
crease in soluble titanium compounds obtained. This was 
probably due to the crystallization of an insoluble compound 
39. 
T.A.BLE K 
Effect of Acid Concentrations on Classification Residues 
.HzS04 Concentration . Overflovv TiOz Tails 
acid to water I ml and per cent per cent TiOz 
5 min 5 min 18 min per cent 
1:10 330 of 14.7 32.0 31.0 31.0 6.5 
1:5 150 of 25.7 35.6 35.1 31.3 8.9 
1:3 200 of 34.6 37.? 38~3 35.2 12.5 
1:1 70 of 63.2 44.8 43~1 41.6 19.1 
2:1 75 of 77.5 55.5 55.0 49.8 23.6 
1:0 60 of 93•0 30.4 30.0 50.4 27.2 
NaHS04 62.6 61.5 56.7 30.2 
all · data at 1200°0 
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in this concentrated acid - solution. This is similar to the 
observation of Iviutsubara .in the digestion of Korean titanif-
erous ore who stated that 11 too much excess sulfuric acid reduces 
the yield of titanium dioxide.nl4 The. effect could :prol;>ably 
---------------~-~--~--~-------------------------~-~~-------~-14. 1'Iutsubara, T., Preparation . of _titanium dioxide and its re-
fining, The Osaka Industrial Lab., Bull. IV, No. 13, 1823; · 
Chem. Abs., Vol. 19, pp. 14?5, 1925. 
-------------------------~~-----------------------------------
have been eliminat-ed either by · use o~ - a larger vo~ume of sul-
furic acid, by addition of sodium· sui:rate,l5 or by a decrease 
-------------------------------~----~-------------------------15. Gemogenova, E. v. and Z~q+o.vskii, :M. · E. ·; . Precipitation of 
titanium dioxide from aquerous solutions of t.itanium sul-
fate, Trans •. A.ll-Union Sc: · Research Inst. Econ. 1Tineral. · ( u ~ s. s. R~ ) , l\fo ~ 68, pp. 29-62, 1935; Chern. Abs. , Vol. 30, 
pp. 2711, 1936. 
-----------------,--------------------------------------------
in the time of reflux {see graph C, page 45 )·. 
42. 
DIGESTION OF CU'r li'El!!D 
All the analyses on the residues indicated that there 
was a large amount of ti taniwn compoW1ds in the cut feed. 
Therefore investigation turned from the analysis of the labo-
ratory classified 9roducts and to the cut feed as received 
from the plant. By giving the feed another strong acid di-
g~stion (sirnilar to the digestion now given the original ore 
at the plant) it vvas thought that enough of the titanium di-
oxide could be placed in solution to make such an operation 
economical. 
The following is the analysis of the cut feed. 
density 1.22 g per ml 
per cent solids 10.3 at l200°C 
per cent antimony (mother liquor) o.o 
per cent antim.ony (residue) 0.9? at l200°C 
per cent titanium dioxide (mother liq_uor) 0.56 or 6.39 gpl 
per cent titanium dioxide {residue) 41.91 at 1200°0 
This calculates as 5.919 grams titanima dioxide per 100 
ml of sample of Y~'hich o. 639 gram would be recovered ·by present 
plant ~ractice. This is about a 10 per cent recovery. This 
recovery was based on the analyses of samples which had stood 
for a long interval and therefore may not represent the actual 
recovery obtained in plant practice. 
A series of experiraents were devised to study the possi-
bility of recovering both available titanium and antimony com-
43. 
pounds. These e:-cperimen ts \'Jere to ref'l ux the c·ut feed as well 
as the residue of the cut feed with various concentrations of 
sulfuric acid for a period of l/2 to 1 1/2 hour.s. The purpose 
of these experim.ents was to discover if there was a crit~cal 
concentration or sulfuric acid which would dissolve most of 
the titanium as ·well as the antirilony .present. The results ob-
tained are shown in · tables L and M. 
Table L and graph C indicate that the solubility of ti-
taniurn dioxide increases with increase of sulfuric acid con-
centration t,o about 75 per cent sulf'uric acid by weight. At 
that :point hydrolysis, or a change in composition causes an 
abrupt decrease in soluble titanium. Bogoyavlenskii and Bogus-
lavskaya16 state that a digestion in · 40 to 60 per CE?nt. sul:r·uric 
16. · Bogoyavlenski.i, E. N·. and Gbguslavskaya, B. E. , The solu-
bility of' titanium containing minerals in sulfuric acid, 
Lakokrasochnuyu Ind. Za., No. 2, pp. 20, 1934; Chern. Abs., 
Vol. 29, pp. 6712, 1935. 
---------------------------------------------~~---------------
acid for 6 ~ 8 hodrs will dissolve about 95 per cent of the 
available titanium, but if stronger acid is used a ·water solu-
ble precipitate containing much· titaniwa is obtained. This 
precipitate is probably titanyl sulf'ate (TiO{S04)•2H2 0). 
V!eizmann and Blwnenfeld in two articles indicated that such a 
compound would be formed by digestion of nTiorr with excess 
dilute sulfuric acid17 or by treating 1 part titaniferous 
~-----~-------~----------~------------------------------------17. 'li'Jeizmann, C. and Blwn.enfeld, J'., Ti tanyl s~lfate, British 




Effect of' Acid Concentration on the Raw Feed 
Sp1e Volume Acici Concentration Ti02 Sb 
ml ratio acid per cent gpl per cent gpl per cent 
sple 
50 0 0 1~35 0.22 0.076 0.006 
50 2:5 34.6 15.39 1.27 0.163 0.013 
20 3:4 51.6 35.24 2.91 0.896 0.074 
20 3:2 · 68.1 47.40 3.91 1.140 0.094 
20 2:1 73.9 . 53.36 4.40 1.195 0.099 
20 3:1 80.9 26.81 2.21 0.'977 0.081 
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TABLE M 
Effect of Acid Concentration on Residue from Raw Feed 
v:t. Raw Feed Residue Acid Concentration TiOz 
gram ratio acid m1 and per cent per cent 
sp1e 
0.3906 1:10 330 of 14.7 17.62 
0.3990 1:3 120 of 36.4 21.42 
0.4060 1:1 lOO o:f 63.2 32.86 
0.4233 2:1 75 of 77.5 38.62 
0.4228 NaHS04 41.91 
all data at l200°C 
47. 
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material such as ilmenite with 1.2 to 1.8 'parts sulfuric acid. 18. 
---------~----------~----~------------------------------------
18. Y!eizmann ,. C. and Blumenfeld, J". , Ti taniu.m sulfate, British 
210,033, July 12, 1922; Che1n. Abs. , Vol. 18, :pp. 1884, 1924. 
--------------------~----~------------~-----------~-----------
The decrease in. solubility vvith the higher concentrations 
of sulfuric acid is apparently related to length of time the 
sample is digested. rrhe solubility increases with the decrea.se 
in digestion tim.e as shown by points near curve of graph c. 
The addition of small am.ounts of: sodium sul:fate decreases or 
eliminates the formation of the insoluble :film depending upon 
the acid concentration. 
Table N ia a tabulation of the efficiency of a particular 
digestion. Column 2 indicates the available titanium dioxide 
from the raw feed Vihen given· a definite acid treatment (see 
table L, :page 44). Column 3 is- the titanium dioxide actually 
supplied by the raw feed residue during the digestion;' whereas, 
column 4 is the maximum titanium dioxide that . . the residue is 
capable of supplying at the acid concentration {see graph D, 
page 47). The last colurun is the per cent of maxinH.lm titanium 
dioxide in the residue that is actually recovered during a raw 
feed digestion. From table N and its related graph it is again 
seen that a digestion in about 75 per cent sulfuric acid is 
most practical. 
Seventy (70) per cent of all the antimony present dissolves 
in a 51 per cent sulfuric acid solution \Vith 1/2 hour digestion 
time. Higher concentrations of sulfuric acid increases the 
49 • 
. T.ABLE N 
Available Titanium Dioxide Recovered from Residue of Raw Feed 
Acid Available Available Ti02 Maximum TiOz TiOz 
Concentration Ti02 front from Raw Feed from Raw Fe~d Recovery 
per cent Raw Feed Residue Residue per cent 
g/lOOml g/lOOml ·g/lOOml 
o.o 0.0135 -0.615 
34.6 1.539 0.900 2.646 34.0 
51.6 3.524 2.885 3.528 81.8 
68.1 4. 740 4.101 4.347 94.3 
73.9 5.336 4.697 4. 712 99.7 
80.9 2.681 2.042 4.914 41.5 
all data at l200°C 
50. 
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TABLE 0 
Comparison of Titaniwn Dioxide Analysis Before and Af'ter 
Antimony Recovery 
Sample H2S04 Ti02 
Volume ·concentration before p:ption. after pption. 
Sb 
ml ml per cent gpl per cent gpl per cent gpl per cent 
1.00 150 68.1 53.90 4.45 52.86 4.36 1.16? 0.10 
100 150 68.1 53.01 4. 37 52.66 4.35 1.249 0.10 
solubility of antimony. The antimony in each instance is re-
coverable by dilution (to 20 to 30 per cent acid concentration) 
and saturating with hydrogen sulfide. The antimony sulfide is 
precipitated in an easily filterable form. The efficiency of 
this operation is shown in table o. It is noted from the table 
that the _precipitation of antimony has no effect on the titanium 
present in solution. 
Results from table L, page 44 were used in forming table P 
to better :present the recovery of available titanium dioxide 
and antimony in the various acid digestions. Information from 
the table is used in plotting graph F. From the graph it is 
noted that the titanium dioxide recovery increases until the 
acid concentration reaches approximate~y 75 per cent sulfuric 
acid at which point 90 per cent of the available titanium is 
in solution and should be recoverable. This observation paral-
52 • . 
leled that or Shtandel.l9 
---------------------------------~----------------------------19. Shtandel, E. G., Cherrr:Lstry or titanium dioxide, II. De-
composition of titanif'erous · m.agnetite concentrate with di-
lute sulfuric acid, J. Gen. Chem. (U.s.s.R • . ), Vol. 5,. pp. 
1629, 1935; Chem. Abs. -, Vol. 30, pp. 2870, 1936. 
--~--------~~---~-~------------~--~~--------------------~-----
From this table it may -be concluded that 90 per cent of 
the available ti taniu.c11 and all of the antimony may be recovered ._ 
by digestion of the raw reed in 75 per cent sulfuric acid. 
Higher ac;id concentrations decreases materially the recovery 
or titanium di~xide. The decrease in solubility may be almost 
entirely eliminated by addition of very small quantities of 
sodium .sulfate and reducing the tin1e of digestion. 
It is possible that a higher ac.id concentration with small 
quantities of sodiur~ sulfate would arford · economical advantages, 
but the data either :rrom the literature or th,Et plant was not 
available upon \Vhich to base such a conclusion. 
53. 
TABLE P 
Digestion of 100 ml of Raw Feed in Various Acid Concentrations 
Added Acid Ti02 Sb Recovery 
Concentration g/lOOm.l g/100ml er cent --
per cen_t g:pl ri~solved avail g:pl rissolved avail i02 Sb 
o.o 1. 35 0.135" 5.919 0.076 0.0076 0.122 2.3 6.2 
34.6 15.39 1.539 n 0.163 0.0163 If 26.0 13.3 
51.6 35.24 3.524 n 0.896 0.0896 II 59.5 73.3 
68.1 47.40 . 4. 740 II 1.140 0.1140 If 80.~ 93.3 
73.9 53.36 5. "336 . ·n 1.195 0.1195 n 90.2 97.8 
I I 
80.9 26.81 2.681 u 0.977 0.0977 tl . 45.3 80.0 
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CONCLUSIONS 
The industrial waste from a ti taniwn pigment plant has 
been obtained, f'il tered and analyzed. A large amount of ti taniu.m 
dioxide and all of the antimony added as a coagulant is con-
tained in this industrial V'laste. A relatively sin1ple rnethod 
for the . recovery of 90 per cent of the titanium di.oxide and 
all of the antimony has been devised. 
A schema:t~;ic diagram of the :present plant operation is appended 
1-vi th modifications recorDmended f'or the recovery of' antimony and 
-
ti taniurn dioxide indicated vvi th dashed lines in figure 5. This 
is a tentative sketch based upon laboratory data with no inter-
mediate Pilot Plant investigation. The equipment sho1tJn is a 
modific.ati6n of the . e q uipment shoV·Jn in Barksdales, Titaniun12 0 
-------~-~~~~~~-----~--~---------------~------~---------------
20. Barksdale, cT., Titanium. · N.Y., Ronald Press Co., 1949, 
591 p. 
-----------------~--------~-----------------------------------
and would probably be the most econornical to the plant in case 
a change were made. 
No new reagents or chemicals other than hydrogen sulf'ide 
are used in order to perform the new operations. The additional 
cost v;ould be an increase in sulfuric acid consun1ption, plus 
several pieces of rather high acid resistant equipment. On the 
other hand the recovery of antimony and titanium dioxide would 
amount to many many tons per year and a combined saving that 
would perhaps exceed a million dollars per year. 
r---·-------------
' Wo.f.e1"" · 
~ :Limcni +e Na~r 
I o-re Sbz03 ~ 















I wo.+-c.Y ... 












I Ri"Cr ~~----, 
-
DtJRR "THtC f< E NER If: I 
-





- ·-- ... ----- --~ 
I 




































I r--.. I •--r-
I s J111 ;"1ule ~I 
. I . + f'IQDIF!Ef OLIVER I l;o-ot, ac ~ d I 21) 1 oc.;J I 
+ - . - - .... - - -L - - - - - --! 
Ei.pcsure 
_ I FilTER 1 







~ t · _!I.~S- ....1 t_ - - _J 
SCRUS~I~ G. TtWER 
I 
I L----l OQRR THICKENER 
. _oy 
- _I \ C ~nlrifu8t! 
------~---
0)"" 
( f1, ting C.Ju.un be'f' ~ 
..- . - - - - - - ...-
FIGURE 5 
Flow Diagram of Plant Process with -Suggested ModiJ:ications 
·.· 57. 
The modif'ications indicated in the diagram cari be justi-
fied on an economic ·basis; hov.rever, other changes may prove 
desirable as :plant operation and experience are gained. The 
co~plete economic balance should be developed in detail and 
then the eoonom.ic feasibility o:r suah a plan could be ascer-
tained. This was not done as proper data .artd : figures were 
not avai-lable. 
The suggested 1nocl.ifications are briefly . as follows. The 
uncut sludge from the settling . tanks ·is delivered to an acid 
resistant digestion tank and adjusted to 65-.?0 per cent sulfuric 
acid by ·weight. {The present · investigation was made on cut 
reed samples; hov:eve:·, in the plant operation the addition of' 
·water to the underflow :from the se.ttling tanks would be ·un-
nece~sary. l The n1ixture · is . then digested with superheated 
steam for 1/2 hour. 
The resulting digest .is then sent to another settling tank 
or preferably a type of centrifuge • . If a .. settling tank is employed 
it would probably be operated similar to those which follow the 
original digestion. Ho"'vever, solution of higher grams per liter 
solids could be handled since the solids ·will be renoved in a 
later step. The botton1s . are sent to th~ river (as pres~ntly 
~one from. rrhickener 1) and the supernatant liquid is pwuped to . 
a raixinrs chamber. The ·acid concentration is cut to 20 per cent 
\Vith ·water vr~. ~h stee?-dy agitation in order to decre.ase the poss-
ibility of' hydrolysis as the solution . i~ sent to the chanlber. 
Here, hydrogen sulfide ·is added with vigorous agitation 
to precipitate the antimony sulfide. Possibly sodium sulfide 
·or some other sulfide could be used to produce a precipitate 
with less _ hazard. The resulting solution ca~ be rapid1y 
filtered to recover the f.looc·.ulent antimony suli'ide and the 
filtrate delivered to the digestion or precipitation tanks. The 
antimony sulfide can be recycled into the system and again used 
as a coagulating agent. The filtrate may be used to cut di;_ 
gestions, or to adjust the ac·idity and titaniwn concentration 
of the regular plant solution before passing to the p~ecipi­
tation tanks. 
Sill .. 111ARY -
1. The cut feed to and the under and -overflow from· a Dorr 
thickener of a titanium pigment p~ant have be~n analyz.ed. 
',-
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The anal¥sis indicates· that large quanti ti-es of_ ·titanium di-
oxide in ? rec.overable form is discarded as a waste from the . -
plant as well as all of the antim~ny that is previously -added 
as a coagulating agent. 
2. Attempts to separate t -itanium and _ antimony comp.ounds· :from 
. " .· ·. 
the . gangue material· by a flotation process ~e not successful~ -
3. Classification of the · cut feed yieldJ3d ·a concentration of 
antimony and titanium compounds._ Further app-lication of this 
method could possibly _lead· to co:in.mercial recovery of the de-
·sired components. 
4. Digestion of the raw feed in -?0.;..75 per cent sulfuric acid 
' ' 
places 90 per cent of' the available - titanium dioxide and prac-
tically all o:f the ~ntimony in a solution :from which ·they._ can -
readily be recovered. 
5. The antimony may be recovered by d'iluting the solution to 
·20-30 per cent· sulfuric acid and saturating with hydrogen sul-
fide·. The precip_i ta ted antimony sulfide may be easily filtered 
·without loss of soluble t.itanium. salts. 
6. The antimony sulfide ca?-· -then be reused as a coagulating· 
agent. The filtrate from the antimony recovery can be used 
in various ways to increase the overall recovery of titaniwn 
dioxide at the pl-ant. 
60. 
7. The suspended matter in the raw feed contains all of the 
antimony and rnost of the titanimn dioxide. Ninety (90) per 
cent of the titanium dioxide and all of the antimony are dis-
solved by _digestion in 75 per cent sulfuric acid. These com-
ponents can again be recovered by a process similar to that 
mentioned in 5 and 6. 
8. A modification of the .present plant operation to recover 
both titanium dioxide and antimony has been proposed. 
61. 
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